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SIR: 



Wolf-Ruediger Schaebitz, Stefan Schwab, and Rainer Kollmar, declare and state that: 

1 . We are named coinventors of U.S. Serial No. 10/659,295 and are familiar with the 
prosecution history thereof. 

2. Prior to June 7, 2001 we had conceived and reduced to practice the invention using 
GCSF for the treatment of cerebral ischemia (i.e. stroke), Parkinson's Disease, Alzheimer's 
Disease, and traumatic brain injury described and claimed in the above-identified U.S. Patent 
Application. 

3. The conception and reduction to practice is supported by the appended German 
Offenlegungsschrift DE 100 33 219 Al. An English translation of the same is also attached 
herewith. 

4. The undersigned declare further that all statements made herein of their own 
knowledge are true and that all statements made on information are believed to be true. 



Application No. 10/659,295 
37 CFR 1.131 Declaration 

Further that these statements were made with the knowledge that willful false statements and 
the like so made are punishable by fine or imprisonment, or both, under Section 1001 of Title 
18 of the United States Code and that such willful false statements may jeopardize the 
validity of this application or any patent issuing thereon. 




Wolf-Ruediger Schaebitz 



Date 



Stefan Schwab 



Date 



Rainer Kollmar 



Date 
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Abstract of DE1 003321 9 

The use of G-CSF (granulocyte colony stimulating factor) is claimed in the production of 
pharmaceutical preparations having neuroprotective activity, for the treatment of acute ischemia and 
neurodegenerative diseases. An Independent claim is included for a commercial package including a 
G-CSF-containing pharmaceutical preparation and instructions for the use of G-CSF in the 
neuroprotective treatment of acute ischemia and neurodegenerative diseases. 
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Bench rcibung 



tOOOlJ Verwcodung woo G-CSF (Granolozyteo Colony 
Stimulating Factor) *ur HcrsiclluDu. pharmaxcuiiseher Pta- 
paraie mil wsuraproiekii ver Wlrkung ok Behandlung akwer 3 
IscbunloD. 

[0002] X>tx SchlaganfaU (Apoplexia cerebri) isi die drlu- 
hSnfigste Tbdeaursache Jo den westllcrien Indusiriclfindern, 
itthli zu dcr rUhrenden Uraachen dauerodor Invalid! liil und 
Pflceebcdurfligaxii und dsmtt - okonomlaeh beirachun - xu 10 
dor teucretca KranVhcitsgruppc iibcrhaupi ZurZdtcrleWen 
in Deuischland ctwa 150.000 Etowobner pro Jahr einen 
Schlaganfall, davon iterbsn 1 5-20 Prozent dcr Patienten in- 
perriaLb dcr cr*usn viae Wochen. Nur wwa cln Drittcl der 
Oborlebcnden Patfcntcn erholl itch ohnc groflere bloibende is 
Behiodcrung, wahrvod ebenfalls cin Driuel dutch Lahroun- 
em odor amlere neurologi«ehe AusKIle dauerhafl ichwor 
behlndert bloibt. Bel SO Proieru dcr Padcnien Jiegt dam 
Schlagaofall elno DurohblutuogsstBrung uui nachfolgonder 
Istbami* in einem untachriebenen GcfW tentorium *u- » 
crundc. Zu DurchbluiungssiSrungcn im Gehiro kommt es 
mciit enweder malcroangiopaihisch durch TbroaAcmDO- 
Uea brw. baroodynamiccbe Stromungavertangjainungen 
Oder miltfoangiopatWacb durch dne bluidruckbedingio Ar- 
U'riosklerotc dcr He'ncn, iotrar.ertbmJen Endancrien. Dabel as 
begUrtsugen eine Reihc von Ridkofaktoren das Auftrctcn ei- 
ne$ SchlaganfaUe*. Dici rind Insbesondcrcdic axierielle Hy- 
pertonic. Mhlreachc Henorkranloingoo, die mil cincm er- 
hohien EtnboHerisilso verbunden aind - vor ullem daa Vor- 
heffUmmern -, dcr Dlabetoi mclKcuB, ZigBreucnrauchen 30 
Blulgarlnnuiiguiorungeo und m eineui gtringeren Anted 
die Hypercbolesieanamlo. Durch emhollschen oder lokal 
ihroroboiischen Vcrschlius einer dei groBen WmvaBOrgen- 
den Arterien enuiehcn die TferritoriaUnfarkte. d. h. Iofarkie, 
die do urnnchricbcocs Gcbuu innerhalb do* Vcrsorgungsbc- 33 
reichci eincr besiimmicn Hlroanerie betrlfft. Am huuflgsien 
in dabei da* Veraorgungigcbici d*r Arteria cerebri media 
beiroffcn. cin Mediaicrrirorialinfiirki mit cincm entsprc- 
chenden "Medt&syndrom" enrsicht. Pica ««t ouch die haufig- 
sie Manifestation dee* Schlaganfalles ube/haupt. Bisher isi 40 
nur bci ausgewllhlien Paiicnten cine thrombolytische Thera- 
pie erfolgvcrsprechend. In tier leoten Jahrcn hai lich durch 
ncuc patbopbyslolc-giaohe Erkenntni«io ond Metbodon die 
DiagnosUk und Tbempio akutex serebraler Ischamlen crheb- 
Hch gewandclL Die Thrombolyic bleiu. die MOglkhaxii *ur « 
therapcodaehen IniervenUon Inntrbalb oines "therapeuxi- 
schen FeniBtrs' von 3 bb 6 Stuoden nocb Infarktorctgnii. 
2k»l i« die rasche AvflOaung des GeniBvorichlusaes und da- 
mix die Wlcdcrbcrticllung der eercbrolen Durchblutung ood 
VcrbeiMroog der noirologlscheo Sympwmatlk. Die» basien SO 
avif der paihophyiiologiichen VbntelhjDfi. daas die Wiadsr- 
crofTnung cines vcrschlosscoiso zcrebralen GeftOcs den Br- 
hak hynopcrfundierten, rovcnibel geichfldigveo IM- 
be8 (der eogenannter. if chSmisehe Penumbra), und damlt die 
WicderhciMcUung neuronalcr Fonktloncn untersiOcit. Bis- S3 
her kenn diese Bchandluog allerdingt nut in ousgewlaionen 
neurologi«chen 2entrco durchgefUhn wcrden. Auch die Zu- 
IbSsung von rt-PA beiro Schlaganfall in DeutschUnd etehi 
noch aui. Die Lyacihcrapie nach 6 Stunden gilt all beion- 
ders ncbenwirkuogiroicb (crb5hie Znhl intmkraniellei Blu- <o 
lunged) und soUlo daher untcrbleiben. Andere Tharapievcr- 
fahrcn aind zw Zcit nicbt cvaluien. Momcnian werden ver- 
ichiedene ondcre Subttawten unierauohl. Hier find vor oIp 
lem log. VvaChsrumsfakiorcQ <bFCF) und Pharmako, dio die 
Thromb<«yusn»dh£iioTi bloclacren (anK-OP HVIIa. Abclxi- eS 
mab). ?.u nennen. In den Icttien Jahren wmrden lahlrwcho 
neuroprotektivc Subttanrco in kKoiicheo Studton unter. 
suehi, Leider konnte keina dicscr bisher geieaieico Substnn- 



zon, die aSnitbch im T\crmodell ncuroprottkUv wirktcn in 
dei klinlscben Pruxii ibren Nuuen bewejscn. Vor aUcmdie 
GLutamai-AncogoniJten, freie Radikftlenfingcr und NMDA 
Aniagonisieo bliebon ohoe kliniicbco Nuacni odw ttigtco 
Ixn Gegentoll aogar erhebUcho Ncbcnwirkwgcn, die den kh- 
niacbon lUnsati onmttgUch machen (Psycbosen etc). An- 
dere Subrtanwn, die die UukoxytOre Waruladhaoon hctiv- 
mcn (anti-TCAM-1 ) oder tier Tnhihitor der Clummat-vcTtriii- 
telteo NO Synthetase (Lobelutol) blieben obnc posiuven 
EXteku 

[0003] Aufgabc der Brnnduog itt die Foigcn einer akvieo. 
Iscb8mie zu Lndarn oder zu beseiugen durch Vferabreichung 
von Subsiaoren mit iJcuroprotekUver Wirkung. Diesc Auf. 
gobe wird durcb daa Verfahrcn mil dan Mcrkmalen dca Ao- 
gproche* 1 gelOau , 

(0004) Die Verwendung voa G-CSF ((JrariUloiyteo Co- 
lony Stimulaiiog Factor) zur HersieUung ptarroa»udacbw 
Priiparaie mil ncuroprotoktiver Wirfcung tut Behandlung 
akutex Ischamien attlU cinen erfolgreichen Therapicansaa 
mittclg ucuroprotekdver Weehsromifakiorcn dar. 

[0005) G-CSF. engliache AbkOrzung Or •Granulocyte 
Colony Stimulating Factor (G-CST)'. regullert als «»ndoge- 
oer. hSroatopoeiischor Wachstumsfaklor die Ueifung. Proh- 
feraiion und Dlfferanaslening von ncutrephilen Granulozy- 
tcn O-CSF wltd natOrlicherwciac von vertchlcdcn cn Mo no- 
xyien, Mnkropbagen und T-Lympuozyien als 01ylr«iwoiein 
uebildet und »i den Cytokinon geaablt C-CSF *>rd alf re- 
komblnflntcc bumanw Faktoi Filgrastim (Ncupogen»/I-tfma 
Amgen GmbH.CAS-Nr. 121181-53-1) barriutaur Behand- 
lung von NBUiropenien und ncutropetuschem Fteber euigo 
scrtL Vciwrc rckombinanie humane G-CSF siod UaogriB- 
tim und Molgramostim. Fine ncuroproteklivc Wirkung von 
O-CSF wurde biabsr nocb nicbt beschritbeo. 
(00061 An 2tt Wistanautn wurde durch daa International 
anerkannus Fadcnmodcll nach Long a ct al cine 90 minatige 
Itchnmie induxiert. 30 Minutcn nach Iachajnteindukdon 
worden 12 Ratten (n = 12) 2 ml NaQ intravenos Ober inage- 
aarui 90 rain Infundiczt; dicac dicnion alt Konteollgruppe 
nc\ Die TheranieEruppe f P, n «» )2) crhleU Ubai- dcnaclhen 
S«Jm affiogS G-CSF in 2 ml Natt g«!8su Vor 
Iachamielndukdon und I, 2. 3, 4 und 24 Slundcn danach 
wurde mirteis ELISA (Bioaourcc Burope, Flevrua, Belgian) 
die Koozeotration von Iniertcukin 1 -beui. IL-2. JX-0 vmd n.- 
10 beatlmnu. Nacb 24 Swodeo worden die Gcbirne enuiom- 
men und von rronlai 5 Himachniue mil 2 Dim Dicke angc- 
fertlgt. Muds TTC-Fflrbung wurde an hand von Kcbmn l, 2. 
4 und 5 die lafarkt- und Hire&^mgroase beadmmt ScbtMt 
3 wurde weiior hisulogisch aurgearbciici. Urn die zerebrale 
Invsttioa mit neutrophilen Granuloiyten nachxuweisen, 
wurdo cine MyelopcroxitoeftobungMPO (DAKO, Carpin- 
leria, CA. USA) durchgefUhn. Durch Zugabe eines Anti-O- 
CSy-AndkflrpOrt sollten Hinwtlse auT cine bisher nocb 
nleht beschricbone B*i«enx da. G-CiT-Rexeptor* gefueiden 

[0007] Zerobcliaro Gronulaxellcn wurden von P7-MBusen 
gewonncn und nach eirwro ctabllerten ZellkolturmodelJ auf- 
gearbdiel und grttlchuw. Nacb 1 Tbgen wurden die Cranu- 
fweelleo mit G-CSF behandelt und nacb 30ndn Gluiamai 
xuaCECben. Um die Obcrlebensratc dcr Zellen ru teitcn, 
wurde 3.(4.5-r«rrxtbyUhiazol-2-yl)-2.S.dipheDyUeirt7oU- 
umbromid (MTT. Sigma, Mtlnchen) 2 Slundeo nach Gluuy 
uiautlmuladon applixien. Nach wciicren 4 Slunden wurden 
die Zelleu not 1* SDS lyaicrv Die Proben wurde bei 
590 am opdscbor Dlohte gemowen. De* welteren wurde 
mitieU einer PCR der UOJF-Rcwpior nachgcwicscn w«f- 
den Dasiu wurde aus MBusegehimon RNA eatrahiert (RNA- 
ldU AGS. Heldelbc/g). 10 Mlkrogramm RNA wurAsn rmt 
MMLV reverset TraJi^krlpiase transkribiert. Flir die PCR 
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wurden Primer von Exon 5 und 7 dos G-CSV-Rczcptors be- 
num (AiWhara. 1997). Die suuisusehc Analyse orfolgiofur 
das *n«experim«n» nach Anova mil Bonrcnoni-Xorreknn 
(Or multiple Gruppcn. 

(00081 Koniroll- und Thcnipiogruppe umenwhleilcn rich 
nicht "id den gemessenan physiologlschen Paratneiem 
(BOA, HKT, Bluuiruck und Korpcrgewichi). Nach 24 Swe- 
den wurde eine loielue Erhohung der Ira Blui vorhandenen 
neuiropbiten Gremitoxytcn festgestclli, die nicht signifikant 
war. Die InlarkigroBc in den TTC-Schnitten bctrug Rlr dio 
G-CSF-bchandcltc Omppc (T) 0,7% W-6,7% (o «» 12) des 
Gesaralhirnvolumcns und wv danu'i signlflkanl (p < 0,05) 
gcringer als die der Kontrollgroppe mil 22,7% */-6.3% (o = 
12), Das crrcchDcie Hin>6dcn» we mil 4.7% -»- 6,6% In der 
G-CSF-Groppe ebenfalls signifikant (p < 0,05) gcringer els 
in der nlclu-behahdelien Gruppe mit 12£% -^-6,1%. FUr 
hUe gemesscnen Interleukine bis auf IL-2 konnleo sigtrfn- 
kont gerlngere Semmwcrle to der G-CSF-Gruppe naehijc- 
wlesen weiden (p < O05). In der histologitcben Auswenung 
del HinuchDiBftJ 3 konnie bei der MPO-FBrbung filr boide 10 
Hcrgruppen ledigUch elne Zunshroe der InvHsion van neu- 
trophilon Granuloiyieo feugcsielli werden. die xuit der 
GrdBe des Inferktes zuDahm. SJgnlflkanVo Unierscbiede 
wurden nicht beobachtet An den Hiroschnlaen konmo die 
Dindung von nnli-Kczcptor-G-CSF sowohl an Neuronon alt 15 
aucb an Axonen Und Dendrium nachgewieJOB *erden. Id 
der ZeUkullur toonntc cine sigrriGkantc Abaebme des ZeUun- 
tcrgangs beobachtet words. Dicscr Effekt nahm mit Hclgeo- 
der G-CSF-Dcais iiu. Die PCR wiea dutch FT-PCR deo 
Mausrezopior im Ilirngcwebe nach. Das PCR-ProdutatiartB M 
die erwejiete GrOBe von 567 bp und wurdc durob PCR-Se- 
quenxlcning verifisiert. 

10009) Die Ergebnissc ieigep, dasi O-CSF aeuroproiek- 
live EigenschaCltn besiizL Dicse kow>ten sowohl im T\enx- 
perimcni fiber cine Vcrtnlnderung des InrarkLaneeU und 35 
Hirnodcms in der C-CSF-behendeteon Gruppe aU aucb an 
der Zcllkuloir durch einen miltcli G-CSF vermin denem 
Olutamaticbadcn bewicsea werden. Wlrkincchanlsmen be- 
itehon in einer Aktivientng de» intraaerebralen G-CSF-Re- 
zepiors, und elne Veimioderung bcslimmter Inlerieukjne. «o 
die in die EnizilndUDgsvonjangc bei zerebralcr Ischemic 
elngrrifen. Da G-CSF endogen produxierl wird, dnen aere- 
bialen Rczcpior beam und neuroprotekiive Eigenschaften 
aufwetrt. rettii ci $ieh in die Reihe dex Neuroirophlne wle 
BDNF, IGF und NGF ein. Nebenwtrkungen konme In unse- «s 
rem Bxperimeni nicht fesigostcUl werden. 
[0010] Da G-CSF clnseitmehreren JahrenetablioitesMe- 
dikumeiti mit geringer Nobenwirkungsraia isu enthttU un- 
scrc AnwendungimogUcblceii bci nsrcbroler Iscbarrde eine 
groBc prokdscbeRclevani. G-CSF steUt einen wirkungsvol- » 
len pharmaaeutiJChan Wirkswff fllr die bisher unbcfriedi- 
gendc Schlaganfalkhorapie dec 

PatentaoBprOche 

1 . Verwcndung von G-CSF (Granulorytan Colony SU- 
muJating Factor) iur HcrsieUung pbam»«eutlscher 
PrSpanue mil neuropcotoklivcr Wlrkoog rur Behand- 
Ivng akuier Ischamien und oeurortegeneradver Brkran- 
tningen. 

2 Verwendupg nach Anqmich 1, dadurcb gekenn- 
»elehDcU dass G-CSF ein Polypcpild undAadcr cio Gly- 
coprotein ist, und/odcr ein Derivai und/oder ein Ana- 
loga von G-CSF 1st, welches Granulocyien ZeUkolonle 
sumulicrende Akdviiiit hid. 

3. Venwendung nach Anspruch 1 und 2, dadurch gc- 
keonMichnei, doss G-CSF cniweder chemiich-ayoibe- 
dsch (a. D. Detivato, Analoga. Isomert) und/oder re- 



Si 



kombinent hcrgesieUi und/oder aus G-CSF bildenden 
Zollan IsoUen wird. 

4. Verwcndung nach Anspruch I, dadurch gekenn- 
rtjcboe^ daea etairo IsehUmkn wic jl B. bci Apopte. 
sie. SchBdel-HinT-Trauma oder Tumoren behandrii 
werdon. 

5. Verwcndung nach Anspruch 1, dadurch gckenn- 
zeichnet, dun neurodegeneradve Brkranknngcn *ie 
a. B. Parkinson, Alzheim« bahandclt werden. 

6. Verwendung Tiach Anspruch 1. dadurch gokerm- 
aeichnet, dais das pbartnaaeurischc PrBparal fost, nBs- 
sig oder aerosoianig (*. B. Sptay) i«. . 

7. Handclspaekung •wbaltend ein G-CSF haloges 
pbarmaMntischcs Praparai zusammcn rail Instrukdo- 
nen fti die Verwendung von G-CSF bei der neuropro- 
tektivcD Behandluog von ataner Ischamie oder oeuro- 
degeneradven Brkrankungeo. 
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Description 

[0001 J The use of G-CSF (granulocyte colony stimulating factor) for synthesis of 
pharmaceutical preparations with neuroprotective effect for treatment of acute ischemias. 
[0002 J Strokes (apoplexia cerebri) are the third-most common cause of death in the western 
industrial countries. They are also one of the leading causes of permanent disability and need for 
nursing care and so - from the economic viewpoint - they constitute one of the most costly 
groups of diseases of all. In Germany, approximately 150,000 persons per year can now be 
expected to suffer a stroke. Of those, 15 to 20 per cent die within the first four weeks. Only about 
one third of the surviving patients recover without serious lasting hindrance, whereas another 
third becomes permanently severely hindered by paralyses or other neurological conditions. In 
80 per cent of the patients, the stroke results from a blood circulation disorder with subsequent 
ischemia in a local vascular territory. Blood circulation disorders in the brain are usually caused 
either macroangiopathically by thromboembolisms or hemodynamic retardation of blood flow, 
or microangiopathically in the small, intracerebral endarteries due to arteriosclerosis caused by 
blood pressure. In this context, the occurrence of strokes is favored by a series of risk factors, 
especially high arterial pressure, numerous heart diseases, which are associated with increased 
risk of embolisms - especially atrial fibrillation - diabetes meltitus, cigarette smoking, blood 
coagulation disorders and, to a lesser extent, high blood cholesterol. Embolic or thrombotic 
occlusion of one of the large arteries that supply the brain lead to territorial infarctions, which 
affect a local zone within the blood supply area of a given cerebral artery. The most frequent 
case is that of the supply area of the middle cerebral artery, involving a medial territorial 
infarction with corresponding "medial syndrome". This is also the most frequent of all 
manifestations of a stroke. Heretofore thrombolytic therapy has been promising only for selected 
patients. In recent years the diagnosis and therapy of acute cerebral ischemias has changed 
considerably due to new pathophysiological knowledge and methods. Thrombolysis offers the 
possibility of therapeutic intervention within a "therapeutic window" of 3 to 6 hours after an 
infarction has occurred. The objective is rapid resolution of the vascular occlusion and thus 
restoration of the cerebral blood circulation and improvement of the neurological symptoms. 
This is based on the pathophysiological idea that reopening of an occluded cerebral vessel 
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supports the preservation of hypoperfused, reversibly damaged brain tissue (otherwise known as 
ischemic penumbra) and thus restoration of neuronal functions. Heretofore, however, this 
treatment has been possible only in accredited neurological centers. Even the approval of rt-PA 
for strokes is still pending in Germany. Lysotherapy after 6 hours appears to lead to a 
particularly large number of adverse effects (increased number of intracranial hemorrhages) and 
should therefore be avoided. Other therapeutic procedures have not yet been evaluated. For the 
time being, various other substances are being investigated. They include in particular growth 
factors (bFGF) and drugs that block thrombocyte adhesion (anti-GP Ilb/IIa, abcizimab). In recent 
years, numerous neuroprotective substances have been investigated in clinical studies. 
Unfortunately, although all of these substances tested so far have exhibited neuroprotective 
effects in animal experiments, none has shown any benefits in clinical practice. In particular, the 
glulamate antagonists, free radical scavengers and NMDA antagonists have not exhibited any 
clinical benefits, or to the contrary have even caused considerable adverse effects, which make 
clinical use impossible (psychoses, etc.). Other substances that prevent adhesion of leukocytes to 
vessel walls (anli-lCAM-1), or the inhibitor of glutamate-raediated NO synthetase (Lubeluzol) 
have not exhibited positive effects. 

|0003] The object of the invention is to alleviate or eliminate the consequences of acute ischemia 
by administration of substances with neuroprotective effect. This object is achieved by the 
method having the features of claim 1. 

[0004] The use of G-CSF (granulocyte colony stimulating factor) for synthesis of 
pharmaceutical preparations with neuroprotective effect for treatment of acute ischemias 
represents a successful therapeutic approach based on neuroprotective growth factors. 
J0005] G-CSF, the English abbreviation for "granulocyte colony stimulating factor (G-CSF)", is 
an endogenous, hematopoietic growth factor that regulates the maturation, proliferation and 
differentiation of neutrophilic granulocytes. G-CSF is formed naturally as a glycoprotein by 
various monocytes, macrophages and T-lymphocytes, and is a member of the cytokines. G-CSF 
is already being used as the recombinant human factor known as filgrastim (Neupogen®/Amgen 
GmbH, CAS No. 121 181-53-1) for the treatment of neutropenias and neutropenic fever. Further 
recombinant human G-CSFs are lenograstim and molgramostim. Heretofore a neuroprotective 
effect of G-CSF has not been described. 
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[0006] Using the internationally recognized thread model according to Longa et al., a 90-minute 
ischemia was induced in 24 Wistar rats. 30 minutes after ischemia induction, 1 2 rats (n - 12) 
received an intravenous infusion of 2 ml of NaCl within 90 minutes in total; these were classified 
as the control group (K). The therapy group (T, n = 1 2) received 20 micrograms of G-CSF 
dissolved in 2 ml of NaCI over the same period. Before ischemia induction and 1, 2, 3, 4 and 24 
hours thereafter, the concentrations of interleukin 1-beta, IL-2, IL-6 and IL-10 were assayed by 
ELISA (Biosource Europe, Fleurus, Belgium). After 24 hours the brains were excised and 5 
frontal brain sections of 2 mm thickness were prepared. The size of the infarction and cerebral 
edema was determined by TTC staining of sections 1, 2, 4 and 5. Section 3 was subjected to 
further histological conditioning. In order to demonstrate the cerebral invasion with neutrophilic 
granulocytes, myeloperoxide (MPO) staining was performed (DAKO, Carpinteria, CA, USA). 
By addition of an anti-G-CSF antibody, it was attempted to find indications of the existence of 
the G-CSF receptor, which has not been described heretofore. 

[0007] Cerebellar granulocytes were obtained from P7 mice and conditioned and cultured 
according to an established cell-culture model. After 7 days the granulocytes were treated with 
G-CSF, then glutamate was added after 30 minutes. In order to test the survival rate of the cells, 
3-(4,5-dimethylthiazoIe-2-yl)-2,5-diphenyltetrazolium bromide (MTT, Sigma, Munich) was 
applied 2 hours after glutamate stimulation. After a further 4 hours, the cells were lysed with 1% 
SDS. The optical density of the samples was measured at 590 nm. In addition, the G-CSF 
receptor was detected by means of PCR. For this purpose, RNA was extracted from mouse 
brains (RNA kit, AGS, Heidelberg). 10 micrograms of RNA was transcribed with MMLV 
reverse transcriptase. For the PCR, primers of exon 5 and 7 of the G-CSF receptor were used 
(Ashihara, 1997). The statistical analysis for the animal experiment was performed according to 
Anova wifli the Bonferroni correction for multiple groups. 

|0008] The control and therapy groups did not differ in the measured physiological parameters 
(BGA, HKT, blood pressure and body weight). After 24 hours, a slight but non-significant 
elevation of the neutrophilic granulocytes present in the blood was observed. The infarction size 
in the TTC sections was 6.7% ± 6.7% (n - 12) of the total brain volume for the group (T) treated 
with G-CSF, and thus was significantly (p < 0.05) smaller than that of the control group with 
22.7% ± 6.3% (n = 12). The calculated cerebral edema was also significantly (p < 0.05) smaller 
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(4.7% ± 6.6%) in the G-CSF group than in the untreated group (12.0% ± 6.1%). For all measured 
interleukins except IL-2, significantly lower serum levels were found in the G-CSF group (p < 
0.05). In the histological evaluation of brain section 3 after MPO staining, only an increase - 
which became larger with infarction size — of the invasion of neutrophilic granulocytes was 
found for both animal groups. Significant differences were not observed. In the brain sections, 
binding of anti-receptor G-CSF not only to neurons but also to axons and dendrites was detected. 
In the cell culture, a significant decrease of cell death was observed. This effect became more 
pronounced with increasing G-CSF dose. By means of PT-PCR, the PCR revealed the mouse 
receptor in the brain tissue. The PCR product had the expected size of 567 bp and was verified 
by PCR sequencing. 

10009) The results show that G-CSF has neuroprotective properties. These were demonstrated 
both in the animal experiment, through a reduction of infarction area and of cerebral edema in 
the group treated with G-CSF, and in the cell culture, where glutamate damage was reduced by 
means of G-CSF. The mechanisms of action comprise activation of the intracerebral G-CSF 
receptor and reduction of certain interleukins, which contribute to inflammation processes in 
cerebral ischemia. Since G-CSF is produced endogenously, has a cerebral receptor and exhibits 
neuroprotective properties, it is a member of the neurotrophin series, such as BDNF, IGF and 
NGF. Adverse effects were not found in our experiments. 

[0010] Since G-CSF is a drug that was established several years ago and that has few adverse 
effects, our ability to use it for cerebral ischemia has great practical relevance. G-CSF represents 
an effective pharmaceutical ingredient for stroke therapy, which heretofore has been 
unsatisfactory. 

Claims 

1 . The use of G-CSF (granulocyte colony stimulating factor) for synthesis of 
pharmaceutical preparations with neuroprotective effect for treatment of acute ischemias 
and neurodegenerative diseases. 
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2. The use according to claim 1 , characterized in that G-CSF is a polypeptide and/or 
a glycoprotein, and/or a derivative and/or an analog of G-CSF, which has granulocyte 
colony stimulating activity. 

3. The use according to claim 1 and 2, characterized in that G-CSF is synthesized 
either by chemical techniques (in the form of derivatives, analogs, isomers) and/or by 
recombinant techniques, and/or is isolated from cells that form G-CSF. 

4. The use according to claim 1 , characterized in that there are treated acute 
ischemias, such as apoplexy, cranial brain trauma or tumors. 

5. The use according to claim 1, characterized in that there are treated 
neurodegenerative diseases such as Parkinson's and Alzheimer's. 

6. The use according to claim 1 , characterized in that the pharmaceutical preparation 
is a solid, liquid or aerosol (such as a spray). 

7. A commercial pack comprising a pharmaceutical preparation containing G-CSF 
together with instructions for use of G-CSF in neuroprotective treatment of acute 
ischemia or of neurodegenerative diseases. 
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SIR: 

Mr. Wolf-Ruediger Schabitz states that: 

1 . Wolf-Ruediger Schabitz, Stefan Schwab, and Rainer Kollmar are named 
coinventors of the above-identified application. 

2. That Wolf-Ruediger Schabitz has been employed by ^ U«*-i/</&w< ^ for 
Q_ years as a f? 5> C > ; i ^ in the field of /Vj \J r o I ox <0> 



3. The relevant disclosure of using GCSF for the treatment of stroke and other 
indications in DE 100 33 219 A 1 published January 24, 2002 as it relates the claims of the 
above-referenced application pending in the United States Patent Office is the own work of 
Wolf-Ruediger Schabitz, Stefan Schwab, and Rainer Kollmar. 

4. The undersigned declare further that all statements made herein are of his own 
knowledge are true and that all statements made on information are believed to be true. 
Further that these statements were made with the knowledge that willful false statements and 
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the like so made are punishable by fine or imprisonment, or both, under Section 1001 of Title 
18 of the United States Code and that such willful false statements may jeopardize the 
validity of this application or any patent issuing thereon. 
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1. Wolf-Ruediger Schabitz, Stefan Schwab, "and Rainer Kollmar are named 
coinventors of the above- identified application. 

2. That Rainer Kollmar has been employed by ^v>t.w.N>| llucttibk for 
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SIR: 

Armin Schneider states that: 

1. 1 am a named coinventor of the above-identified application. 

2. That I have been employed by Sygnis (former Axaron) for 8 years as a physician 
in the field of Neuroscience. 

3. The following experiments were performed by me or under my supervision. 

4. The following experiments demonstrate that G-CSF acts to improve outcome 
after experimental spinal cord injury (SCI) by inhibiting neuronal cell death. 

5. We used the following in vivo model for experimental SCI. Female C57BL/6 
wild-type mice at 2 months of age were anesthetized. After laminectomy at the 
vertebral level Th8/9, the spinal cord was dorsally transected to approximately 
80% with fine iridectomy scissors leaving a ventral tissue bridge intact. 



Application No. 1 0/659,295 
37CFR 1.132 Declaration 

In the treatment group, the mice received i.v. G-CSF (60 ug/kg bodyweight 

Neupogcn; Amgen) 5 min after the experimental SCI, followed by continuous s.c. 

application over 2 weeks (30 ug/kg bodyweight) via an osmotic minipump. The 

experimental outcome after SCI of the G-CSF treated mice were compared with 

the one of sham treated mice. All animal experiments were performed in a fully 

blinded and randomized fashion. 

Neuronal apoptosis following SCI was evaluated using a TUNEL assay. 3 days 
after SCI, spinal cords of mice were extracted and embedded in paraffin. Sections 
of the spinal cord were stained with the Apo-BrdU IHC Kit (Chemicon). TUNEL 
signal was visualized with streptavid in-coupled Alexa Fluor 555 (1 :200). Nuclei 
were counter stained with Hoechst33342 (1 : 10,000). BrdU-positive (apoptotic) as 
well as total nuclei were counted in representative fields of the sections. Means of 
the ratios of apoptotic to total nuclei were calculated for each animal (n=3-4 per 
group, G-CSF and sham treated). 

The functional outcome in the experimental SCI depending on the treatment with 
G-CSF or sham was analyzed with behavioral tests such as BBB locomotor score 
(in brief, the mice were placed on a runway and hindlimb locomotion was scored 
from 0 (for no observable hindlimb movement) to 21 points (regular movement)), 
grid walk test (in brief, the ability to navigate across a lm long runway with 
irregularly spaced metal bars and gaps was scored by counting the number of 
errors in foot placement), and swimming score(in brief, the locomotor 
performance was determined in absence of cutaneous and proprioceptive sensory 
input from the hindlimbs. by scoring hindlimb movement, hindlimb-forelimb 
coordination, tail position, paw position, and lateral stability). 
6. We observed the following results. 
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As apoptosis appeared maximal at 3 days after SCT, we determined the extent of 

programmed cell death at the cellular level using a sensitive TUNEL staining 

method. The percentage of apoptotic nuclei was determined in the vicinity of the 

lesion (cranial and caudal to the lesion border) in representative fields in the 

ventral, central, and dorsal third of the spinal cord. There was a high percentage of 

TUNEL-positive nuclei both cranial and caudal to the lesion (57% or 47%, 

respectively). This number was almost halved by G-CSF treatment (31 % and 

23%, respectively) 

70 - - 

apoptotic cells (%] 

60 ■ •■]■•• 

50 ■ - [ ■ ■ 

4 0 • 

_L 

N = 3 

vehicle G-CSF vehicle G-CSF 

i 

cranial to lesion ! caudal to lesion 

The functional outcome of the G-CSF and the sham treated mice following the 
SCI was analyzed using the behavioral tests BBB locomotor score and grid walk 
lest during the first 5 weeks after SCI. These time series data were subjected to an 
"area under the curve" (AUC) analysis. Further, the swimming score was 
determined once at 5 weeks following SCI. 

All these behavioral tests demonstrated a highly significant benefit in the G-CSF- 
treated group. 
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7. Using an experimental SCI in vivo model we were able to demonstrate that G- 
CSF acts to decrease apoptosis triggered by the SCI. Apoptosis of both neurons 
and oligodendrocytes is one important primary pathophysiological mechanism in 
SCI. Accordingly, we also observed a clear improvement in functional motor 
outcome due to G-CSF treatment after SCI by a number of criteria. SCI and TBI 
both refer to injuries of the central nervous system (CNS) and accordingly can be 
subsumed as neurotrauma of the CNS. Whereas TBI refers to the brain tissue itself 
SCI refers to the spinal cord, both components of the central nervous system. TBI 
and SCI have many physiological and pathophysiological mechanisms (e.g. 
apoptosis of CNS neurons and oligodendrocytes) in common. Therefore, f 
conclude that the SCI model presented here is also predictive for TBI. 
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8. These data demonstrate that G-CSF treatment after experimental SCI as an in 
vivo model for neurotrauma of the CNS reduces the apoptotic processes 
subsequent to the injury and thereby improves the functional outcome. These 
observations are consistent with the data presented in the specification (e.g. the 
neuroprotective and anti-apoptotic effect of G-CSF) and show that G-CSF is an 
effective treatment for neurotrauma of the CNS, i.e. spinal cord injuries and 
traumatic brain injuries. 

9. The undersigned declare further that all statements made herein are of his own 
knowledge and arc true and that all statements made on information are believed 
to be true; Further that these statements were made with the knowledge that 
willful false statements and the like so made arc punishable by fine or 
imprisonment, or both, under Section 1001 of Title 1 8 of the United States Code 
and that such willful false statements may jeopardize the validity of this 
application or any patent issuing thereon. 
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